Intracranial bleeding has long been regarded as particularly lethal in haemophilia and is currently the most common cause of death among haemophiliacs in Finland (Ikkala, 1960) , in Sweden (Blomback, 1962) , and in New South Wales (Kerr, 1963 ). It appears that intracranial haemorrhage has not been influenced by modem therapy to the same extent as post-operative or traumatic bleeding at other sites, which were formerly the most common causes of death (Birch, 1937) . This trend is illustrated in Table I which shows the distribution of causes of death among 106 haemophiliacs in New South Wales between 1900 and 1962. Even allowing for incomplete ascertainment of deaths during the earlier years of this century, the threefold increase in fatal intracranial bleeding since 1940 contrasts with reduced mortality from most other types of haemorrhage during the same period. It is often impossible to be sure of the exact nature and location of intracranial lesions in haemophiliacs because of the difficulty in perform-'Present address: M.R.C. Population Genetics Research Unit, Old Road, Headington, Oxford ing routine neuro-diagnostic procedures without considerable risk of provoking disastrous bleeding. This has led previous reviewers (Aggeler and Lucia, 1944; Imhof, 1951; Silverstein, 1960) to rely on a biased selection of cases where the diagnosis of haemorrhage was proved at necropsy, operation, or lumbar puncture. As a result their conclusions were directed more towards fatal intracranial bleeding rather than episodes from which patients recovered. But in looking through case notes of haemophiliacs discovered in large population surveys (e.g., Skold, 1944; Ikkala, 1960) it is not uncommon to encounter patients who had recovered from a serious neurological illness which was at the time attributed to cerebral haemorrhage. So despite similar diagnostic restrictions an attempt has been made to study all episodes of probable or proven intracranial haemorrhage in a relatively large group of haemophiliacs.
CLINICAL MATERIAL
One hundred and nine haemophiliacs attended Royal Prince Alfred Hospital, Camperdown, N.S.W., for treatment during the five-year period January 1957 to June 1962. As distinguished by the thromboplastin generation test, 91 (83+) had factor VIII, anti-haemophilic globulin (A.H.G.) (Kerr, 1963 weeks after the initial episode, free from seizures and with diminished temporal region activity in electroencephalograms. Anticonvulsants were suspended but focal fits recommenced several days later to be replaced by frequent attacks of temporal lobe epilepsy characterized by olfactory aura, loss of speech, and generalized weakness, but not unconsciousness. Over the next two years fits became less frequent and anticonvulsants were finally withdrawn after a further year. Serial electroencephalographic tracings indicated a residual left temporal abnormality. The patient was forced to give up clerical employment because of a persistent receptive disorder of language function comprising acalculia, inability to concentrate, forgetfulness, and euphoria.
Intracerebral and subarachnoid haemorrhage following meningitis in a severe haemophiliac is illustrated by the next case.
CASE 10 A schoolboy aged 14 with severe factor VIII deficiency two days after developing an upper respiratory tract infection complained of severe generalized headache, became stuporose, and had several generalized convulsions. On admission he was comatose and had proptosis of the left eye and marked signs of meningism. Temperature was 103°F. Lumbar puncture revealed turbid cerebrospinal fluid containing organisms (meningococci). After two days' treatment with intravenous antibiotics and plasma the patient was much improved and sterile fluid was obtained at a second lumbar puncture. Seven days after admission he complained of mild frontal headache and neck stiffness. There was no fever and a third lumbar puncture produced xanthochromic and sterile fluid. Three days later severe pain in the buttocks and upper thighs, and urinary retention heralded the onset of spinal cord compression which progressed to complete flaccid paraplegia with diminution of pinprick sensation to the level of T4. Three weeks later the patient gradually became comatose and died.
At necropsy blood clots were found in the left temporal, parietal, and occipital lobes. Bleeding had not been entirely recent as the clots were beginning to undergo organization. There was clotted blood in the subarachnoid space at the base of the brain and no evidence of active infection. Blood clot extended from the lower cervical to sacral region in the spinal subarachnoid space but the cord was not sectioned to determine the presence of intramedullary bleeding. There were also signs of haemorrhage related to the needle track through spinal muscles.
Case 14 demonstrates subarachnoid haemorrhage in a severe haemophiliac. CASE 14 A child aged 3 with severe factor VIII deficiency, after a series of traumatic and apparently spontaneous haemorrhages, was investigated because of unusual irritability and anorexia. He was afebrile and no objective abnormality was found. Six days later vomiting and fever (100-102'F.) commenced and examination revealed slight neck rigidity and Kernig's sign. A skull radiograph and an electroencephalogram were normal. For 12 days the child improved on antibiotic therapy but then, over 48 hours, became drowsy, developed papilloedema, had generalized convulsions, and died in coma. Lumbar puncture 24 hours before death revealed xanthochromic fluid, but the pressure was not measured.
Internal hydrocephalus was found at necropsy with blood clot occluding the subarachnoid space in the region of the pons and mid-brain. There was also evidence of earlier subarachnoid haemorrhage in the posterior fossa.
Recurrent intracranial haemorrhage in a severe haemophiliac is shown by the following case.
CASE 6 A 19-year-old clerk with severe factor VIII deficiency developed marked signs of meningism and papilloedema after a bout of coughing. There was no clinical or electroencephalographic evidence of a focal lesion, and except for persistent retinal exudates, the patient recovered on plasma therapy. Six months later, for no apparent cause, signs of meningeal irritation returned, together with right homonymous hemianopia. A distinct bruit was detected in the left supra-orbital region, and electroencephalography recorded abnormal activity in the left temporal area. In view of the possibility of a vascular anomaly, with surgery offering the only, admittedly remote, chance of survival, angiography was attempted via catheterization of each radial artery in turn. Only the vertebral system could be visualized, and the procedure was not followed by complications However, the patient recovered completely and all signs of clinical and electroencephalographic abnormality had disappeared in six weeks. One year later there was a third episode, again after coughing, which followed a course similar to the first but without retinal involvement.
Chronic subdural haematoma in a severe haemophiliac is illustrated by case 12.
CASE 12 A 6-year-old boy with severe factor VIII deficiency was knocked down by a horse, receiving several lacerations on the right side of the head. Six weeks later he became drowsy and was admitted with signs of meningeal irritation, papilloedema, and right hemiparesis. There was no radiological evidence of fracture and lumbar puncture yielded xanthochromic fluid under normal pressure (despite papilloedema). Under inadequate cover of blood and plasma a large amount of clotted blood was removed through burr holes in the left parietal and temporal bones. There was some improvement in the general level of consciousness but as hemiplegia remained complete left temporal craniotomy was performed and more solid clot removed from over the temporal and parietal lobes. A stormy period followed with bleeding from the operative site, focal and generalized fits, wound infection, and eventual skin grafting of a scalp defect. The child was discharged from hospital seven months after operation with some residual rightsided weakness, of which only minimal signs remained nine years later. Where central nervous system haemorrhage was specifically examined in a group of haemophiliacs the incidence was relatively high: from 6-3 % (Silverstein, 1960) to 13-8 % in the present series. Where laboratory characterization was the main objective the recorded incidence was low: from 0-6% (Sj0lin, 1960) to 1.9% (Niewiarowski, Cetnarowicz, Latallo, and Sablinski, 1960) and it is estimates of this order that presumably lead to the usual text-book statement that intracranial haemorrhage is rare in haemophilia.
Intracranial haemorrhage accounted for seven out of 221 admissions to hospital among 70 haemophiliacs of this series over a three-year period (Kerr, 1963 (Imhof, 1951; Silverstein, 1960 The marked changes in intracranial dynamics that accompany headache from contact with nitroglycerine (first episode of case 3) have been discussed in detail elsewhere (Kerr, 1961) . The relationship to haemorrhage remains conjectural, although bleeding occurred when the patient had temporarily lost tolerance to nitroglycerine and the physiological effects were correspondingly exaggerated.
BLEEDING PHASE'
The closely observed onset of subarachnoid haemorrhage in case 11, lying quietly in bed and simultaneously bleeding at numerous other sites without evidence of any preceding trauma, illustrates a malignant example of this unexplained phenomenon. An almost identical case has been reported (Brachfeld and Hrodek, 1958 (Silverstein, 1960 Wales (Kerr, 1962) and Finland (Ikkala, 1960) have an age distribution similar to that of the normal male population and this, together with evidence from the present series, suggests a lesser risk of intracranial haemorrhage, possibly increasing slightly with advancing age if significant precipitating causes are encountered.
Trauma has been recognized as the outstanding cause of intracranial haemorrhage ever since 1819 when Wilson described two haemophiliacs who died after falls 'in which they received blows on the head not sufficiently severe to have produced much mischief in a sound state of the system, but which in them was followed by extravasation of blood within the cranium' (Lane, 1840) . Definite trauma occurred in 45 % of cases reviewed by Silverstein (1960) and in five (26 %) episodes in the present serie'. But major head injury is not necessarily followed by haemorrhage. Enquiry among all 109 haemophiliacs revealed that 13 had experienced such an injury without intracranial complication (Table III) . All but three were rendered unconscious. Case 7 is noteworthy for he had probable intracranial haemorrhage at the age of 9 and again at 23, but when 16 was knocked unconscious in a fairground boxing booth without apparent ill effect. Case 26, a notorious street fighter with factor IX deficiency, had a promising career as a professional boxer cut short not from traumatic bleeding but by inability to breathe through a flattened nose.
The inconsistent relationship between head injury and bleeding, together with absence of any detectable preceding incident in 50% of episodes, underlines the futility of excessive restriction in physical activity, especially as this is incompatible with useful psycho-social development of young haemophiliacs. In 1868 the British Medical Journal strongly advised the haemophilic Duke of Albany to refrain from the usual princely pursuits and support the arts and music. The Duke followed this advice, although handicapped by haemarthrosis of the knee until, ironically, while watching a floral festival at Cannes he fell, struck his head, and died shortly afterwards from intracranial haemorrhage (Brit. med. J., 1884). However, the dangers are such that all haemophiliacs, severe or mild, should be encouraged to avoid rough body-contact sports and similar pastimes. It may be difficult to convince the mildly affected. For instance, none of the four boxers listed in Table III (Silverstein, 1960) and eight in the present series, but one episode of spinal canal haemorrhage (case 10) is sufficient to emphasize completely reliable factor replacement therapy during the procedure.
Even more hazardous is cerebral angiography via percutaneous puncture of carotid arteries. This has caused fatal arterial bleeding in one severe haemophiliac (Simpson and Robson, 1960) although another patient with a less marked haemorrhagic tendency survived the procedure (Silverstein, 1960) . Recently right carotid angiography has been performed without incident on a haemophilic boy under cover of concentrated factor VIII in order to locate intracerebral haemorrhage before operation (Potter, 1963) . Simpson and Robson emphasized the value of angiography in localizing supratentorial lesions when describing another haemophiliac in whom a subdural blood clot could not be completely removed through inability to define the extent of bleeding at operation. Angiographic techniques involving catheterization or retrograde injection of radio-opaque material into the brachial or radial arteries are less dangerous as subsequent arterial bleeding can be more easily controlled than that following carotid puncture. However, adequate visualization of the intracranial circulation is technically difficult utilizing peripheral arteries, and the more informative procedure of carotid angiography is indicated if skilfully performed under optimal factor replacement therapy.
The most common situation for haemorrhage in reported cases is sub-or extradural (Silverstein, 1960) . This reflects case selection by rigid proof of intracranial bleeding at necropsy because acute subdural bleeding is invariably fatal, as in case 2 and in cases reported by Paillas et al. (1948) , Shannon (1959) , and Simpson and Robson (1960) . An intracerebral source was proved or suspected in 11 (60 %) episodes in the present series. If bleeding at this site did not prove fatal within several hours of onset (three cases) the outlook for survival appeared favourable (eight cases). Bleeding largely confined to the subarachnoid space with absent or minimal signs of cerebral involvement caused one death (case 14) through obstruction of basal cisterns and acute hydrocephalus, but generally the chance of complete recovery is good, as in cases 6 and 11, and in five out of six episodes confirmed by lumbar puncture in severely haemophilic children reported by Brachfeld and Hrodek (1958 Creveld, Hoorweg, and Stijn, 1957; Hartmann and Diamond, 1957) have been satisfactorily evacuated from severe haemophiliacs under cover of plasma, but convalescence was marked by many complications in each case, as with the craniotomy in case 12. In contrast no post-operative complications were noted when human factor IX concentrate was used to cover removal of subdural haematoma through a small lateral craniotomy in an almost moribund infant with factor IX deficiency (Potter, 1963) .
Most attempts to remove intracerebral blood clot through burr holes (Paillas et al., 1948; Jones and Knighton, 1956) or craniotomy (Simpson and Robson, 1960; Silverstein, 1960) have failed. However, Singer and Schneider (1962) have reported successful evacuation of clotted blood from the temporal lobe via frontal craniotomy in a haemophilic infant. Recently, trephine craniotomy as used in general surgical management of intracerebral haematoma (Pennybacker, 1963) proved a satisfactory method for removing blood clot from the frontal lobe of a boy with factor VIII deficiency (Potter, 1963) .
Coagulation factor concentrates are essential for achieving haemostasis during major surgery and particularly so with intracranial operations where bleeding can be troublesome enough in persons with normal blood coagulation. Jamieson (1954) has discussed the relative merits of local haemostatic techniques in this situation.
SUMMARY
Nineteen episodes of proven or probable intracranial haemorrhage occurred in 15 (13-8y%) of 109 haemophiliacs, causing five deaths and residual disability in four patients. Trauma, changes in intracranial tension, intracranial infection, and the 'bleeding phase' were predisposing causes in 50 % of cases. It was shown that major head injury is not necessarily followed by haemorrhage. Intracranial bleeding, currently the most common cause of death among haemophiliacs in New South Wales and elsewhere, is a potential risk to severely affected patients at any age and to mild haemophiliacs in the older age groups. The outlook for survival appeared most favourable when bleeding was largely subarachnoid, or when the patient survived the acute stages of intracerebral haemorrhage. Potentially dangerous neuro-diagnostic techniques must be skilfully performed in centres with facilities for reliable coagulation factor replacement therapy. Factor concentrates are superior to plasma in general management and are essential for covering intracranial operations. I am very grateful to Mr. Richard Gye for helpful criticism of this paper, and to Mr. J. M. Potter, of Oxford, who kindly permitted me to mention two of his cases which he intends to describe more fully elsewhere. Almost all patients were under the care of Professor C. R. B. Blackburn who, with Mr. J. N. Segelov and Dr. 0. Appenzeller, provided helpful discussion. Dr. H. Kronenberg performed routine coagulation studies on all patients, and Dr. J. Margolis assayed factor levels in some. The work was done under a grant from the Post-Graduate Medical Foundation of the University of Sydney.
